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A RIG   FOR  TESTIIC   TUF.  SOFT SOIL PERPORHANCE OP TRACE SYSTENS 

E B H«CLAURIN 
MVEE  CHERTSET  SURREY  ENGLAND 

< 

INTRODUCTION 

Por • given level of p«rfonMnc« th« Crack and •uspanaion systaa of a 
■llltarp tracked vohlcU »ust b« as light and coapact aa poaalbla to 
■axlalaa walght and voluaa «Tallabla for era« and payload (araour 
protection, weapon and coaaunlcatlon apataaa, aaaunltlon, fuel, ate). 
Although track ayatwaa have baan uaad on »llltary vehicle» for aoa« aeventv 
veara aathoda for predicting their performance in aoft aoil - and actual 

I      performance «eaaurementa - are Halted and, even with ita ahorrcoainga, 
the nominal ground preaaure term^Temalna the performance coaparator aoat 
coaaonly uaad by vehicle deaigoera. Thia la partly becauae of the 
coaplexity of dcvlaing, proving and uaing iaproved aethoda and partly 
becauae ailitary vehicle teating and training arena tend to be on aandy 
frlctional aoila «hare tracked vehielaa rarely exhibit aoMlity probleaa. -4— 
Operational araaa are likely to Include allty and clay aolla where 
differences in track ayataa dealgn will affect performance to a auch 
greeter degree. If an iaproved track/aoil aodel ana available overall 
automotive eyataa performance aodela could alao be iaproved and designers 
would be able to aaka aore rational choices between often conflicting 
requirements - for exaaple:- 

- Increasing the nuaber of wheel« should laprove aoft aoil performance and 
alao reduce aponaon height but increnae coat and weight. 

- increaaing wheel diameter ia likely to improve aoft aoil performance but 
increnae aponaon height, weight and coat. 

- Increaaing track width should improve aoft aoil performance and reduce 
bush loading but will reduce space available laaide the vehicle. 

- increaaing trnck pitch la likely to laprove aoft aoil perfroaance and 
reduce track weight but increnae the level of vibration due to chordal 
action and reduce the life of track buahlnga. 

- increasing trnck contact length ia likely to laprove atralght Una aoft 
soil performance but aay Increase slewing noaanta required to steer the 
track. 

The laportant aoft aoil performance parameters for a ailitary tracked 
vehicle are gcaerally:- 

- Llalting go/no go anil strength - thia defines thi arena of terrain 
generally accessible to a vehicle under particular aoil and weather 
conditioaa. 

* NBP - vehicle weight/track width x track contnet length x nuaber of 
tracka. 
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- TractlTt rolllnt raslttanc« - th« lo«Mr thl«  !• th*  greater ch« 
potential   «p^eH and   renge  of a  vehicle.     Rolllnt  r««lit«nce   it usually 
conoldarad divided batvaan  Internal  and aatsmal coaponanta - tha 
Internal  he log tha  proportion due  to aprockat  tngaga«ant,   pin,  hearing 
and aaal friction,  rubbar hyataraals loasaa (road «fwalt,  Idlart, 
buahas,  pad a,   return  roll era), horn  ruhblng ate, and tha axtamal 
coaponant dua to work dona In aol 1  dafomatlon. 

- Nat   traction  it required  to enable a  vehicle  Co cliab gradient a, 
accelerate  and,   for  a  ikld   ateered   vehicle,   Co  tteer   although  tha 
at ralght  Una traction conaldarad here will only give • conparatlve 
Indication of  traction required to a teer a vehicle.     Tha developaent  of 
eiternal traction (or drawbar pull)  la laportaat for toirlng daad 
vehlclea,   bulldotlng,  nine  clearing,   ate. 

- Tha  developwant of high tractive afficiancy under traction condltloua 
la  laportaat   in that  it affecta vehicle acceleration and «peed on 
tradianti but  it not ■■ laportaat  for overall  foal efficiency aa on, 
(or exaaple.   an agricultural tractor uaad for ploughing. 

aoiUTtACn nrrw PPWUIICI MOOILS 

A nuabar of theoretical, Mai-aapirleal or totally «apirical aodala of 
•oll/traekad vehicle parforaaaca aalat although dataila of validation 
taata with aoat of thaaa aodala ara generally aparaa.    They Include:- 

1.      Tha MS TCI aathod (Raf  1) «hieb la a totally aapirieal aathod baaed 
on   ln-aoll   aaaauraaanta of vehicle  perforaance.     Cone  Index (CI),  or 
Rating Coaa  Index (RCI),  la uaad for daaeribing noil ttraagth.    Tha 
aathod appliaa to cohealve fine grained aolla and  tha first atage 
la ualng it  it to coapute a Nobility Index  (NI) froa vehicle 
paraattara.    In aaaaaca MI takaa tha fora 

where    W - vehlc'e weight   (Ibf) 
b - track »Idth (laa) 
> - length of track on (round (Ina) 
■ * total naabar of road wheela 
p - track plteb (laa) 
k depaada on vehicle weight 

Varloua other correcting  factora  for ground clearance,  power/weight 
ratio, traaaaltaiea type ate., ara alao Included in NI bat have a 
ralatUaly aaall  Influence on Ita  value.    The aacoad tara looka 
proaiting in that   It haa unlta of praaaara and appaart Co aaka 
allowance   for the  paaka of preaeure «hieh occur under road wheela. 
Tha flrtC   Can however haa the  rather  Inappropriate unite  (for • 
coheelve eoll/vehlcle aodel) of apaeific walght and appaart Co give 
undue benefit  to «Ida tracka.     If  flgurea  for a typical  heavy armoured 
vehicle are  laaarCad Into the relatlonahlp «a gat 

NI    -    100 -f 7 
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1.«. th« flrat t*rm  with Its rather unaatlifactory for« !■ by far th« 
doalnant on«.  Th« llaltln( go/no go «oil atrength VCI (V«hlcl« Con« 
Ind«x) can than b« «atlaatad froa an «aplrlcal r«latlonshlp and la 
approxlaataly proportional to MI. Drawbar pull and rolling 
raalatanc« In aoll of a particular atraocth can b« aatlaatad froa 
alapl« ralatlonahlpa baaad on '«XCCM* tCI (actual RCI - VCI). 

2.  Thr  B«kk«r aathod (2) uaaa tha wall known two part B«vaaMt«r 
InatnsMnt to aaaaura aoll valuaa. A plat« alnkaga t«at la uaad to 
slaulata vahlcl« alnkag« and pradlct rolling r«alatanc«. A rln^ 
ah«ar taat la uaad to alaulata and pradlct groaa traction. Nat 
traction la coaputad aa tha dlffaranca b«tw«an groaa traction and 
rolllhg raalatanca. Tha track la asauMd to act aa a rigid flat 
plata which mmy  ba raaaonabla for a crawler tractor with cloaaly 
apacad wh«ala but la unlikely to b« ao for tha uaual typ« of nllltary 
vahlcl« aprung track ayataa. Although aoaa lapraaalv« looking 
pr»dlrtlv* «^oatlons h«v« b««n publlahcd, datalla of validation 
atudlca of th« a«thod ara Halted. 

1.  Tha »et hod la now balag conaldarably astendad by Wong (3) who at 111 
uaaa th» baalc bevawater Inatruaant for aaaaurlng aoll propartlas but 
In a vehicle aountad for» with autoaatlc data procaaalng. Tha 
praaaur« alnkage ralatlonahlp under repetitive loading and tha allp 
alnkag« charactarlatlca of tha terrain ar« alao aaaaurad. In 
■odelllng th« aoll/vahlcla Interaction the track la aaeuaed equivalent 
to a flexible and ln«xt«nalbla belt. Poaltlona and dlaaatera of 
roadwheel«, «procket , Idler and aupport rollara are «pec If led. Ualng 
the aaaeured aoll charactarlatlca a syataa of equatlona are eat un 
for th« equlllbrloa of forcea and aoaanta acting on th« track ayetea 
and for conaarvatlon of track length. Th« deflected ahape of the 
track and track/aoll coatact atreasea arc coaputad. Only a Halted 
aaount of data on validation atudlea have ao far been publlahed but 
the ayatea ahowa proalae eapaclally If coaputer lapleaantatlon la 
relatively alaple and a range of 'ataadardlaed* aoll valuea can be 
aade available for ua« be d«algn«ra. Tha lack of track link pitch aa 
a '»hide parameter can be queat lotted el nee thla haa bean shown to b« 
a tlgnlfleant factor (A) aa can the aaauaptlon that the road wheels 
are rigidly attached to the body »It lough It would appear relatively 
eaay to Include auapenalon deflection effect*. 

4.  Turaat* haa performed soae laboratory tacts with a aodulai track rig 
(S) la dry aaada and near aaturated clayc. Cone Indes waa uacd to 
aeaaurc coll atrength. The treck was a belt type with bolted on 
ahooe. Track contact length end width, and apaclag and nuaber of 
wheclc could be altered. Meet of th« tcct work was with the aanda 
but a prellalncry dlaaaclonlcca prediction tera for clays was also 
suggected In the fore 

CI bl ( U_)0'5     w      - Total load on track 
W   (Itacs)        Uacs    - Load to cause boglaa to 

bottea out on suspension 
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U  CI_ ( W )0'> 
MCF (UMx) 

( W )0'> 
(MM«) la appartnt ly • t«rm to allow for tho off «eta of load 
concontratlona undor th» whoola but Ita derivation la not «aay to 
follow. 

S.      In 1972 Rowland ovolvod the Man naxlmaa praaawra 0«P) tarn (4) 

WtP    -        1.26W d    -    dlaMtor of road »haal« 
K (pd)u*' •    "    ratio, actual aroa of 

track llnk/nonlnal araa, 
pb. 

which corrolatod wall with noaaurad lo aoll praaaura paaka under 
road whaala.    Rowlaad poatulatad that WtP would ba axpactad to 
|lva a guide to the aoft  aoll behaviour of trackad vahlclaa and 
ahowad that  It waa  linearly ralatad to llaitlaf go/no go aoll 
•trength (Cl or ECI)  la clay aad organic  aolla.     Ha alao produced 
a ralatloaahlp for external rolling realataaca In clay aolla (6) 

C n  ,.  Wt1'* 
u - 0.28 (CI ) ^Tn c     . coafflclant of 

external rolltng realataaca 

CI 
aad further hypothaalaad that mr could be uaad aa a deecrlblng 
aablllty w—bar for track ay^taaa aad la the for« 
I     •   2.«      (CI_)0*72 could be coaperable to the MS 

C (IMP) 
puaiaatlc tyre nobility auabara aad their predictive parfornance 
relatloaehipa (7). 

THE HTU NOSIU TI8TO 

* prlae  re^ulreaent  of  thla Inreatlgatlon waa aone neana of obtaining 
accurate in aoll perfonaaee aaaeureaeata for a variety of track ayatea 
conflguratlona.    It waa decided that a noblle teeter of the type uaad 
by RIAI aad othera waa the noat adaptable and coat effective way of 
obtaining thla information.    Laboratory acala aadel taating can give 
uaeful iaforMtloa but would atill aaad to be correlated with full 
acala teetlag.    Pull acala laboratory teatlag in aoll pita preaaata 
foraldable probleao of aoll procaeaing eapecially wich clay aolla and 
haa now been abandoned at HVKI.    There are varioua axperiaeatal 
difflcultlea with uaing a »ehiele to aeaaure la aoll parforaanea - 
controlling alip for exaaple - and extenalve ■odifleationa would be 
required to fit different  treck eyataa conflguratlona  to the vehicle. 

The HVIE aabile teeter (Pig 1)  ie baead on e crewler chaaala Co enable 
iC operate effectively  la weaker  eolla and la capable of taating whaala 
(g) aa wall ae Che aodular track rig deacribad here.    The track rig la 
carried in an arch fraaa and connected to the teeter by perallalogren 
linkt which can alao lift the rig clear of the ground when 
manoeuvring.    Rydroetatic drive aotora are aceoaaodatad within the 



track rig and arc connactvd  to the  track aprockata via rollar chalna.    The 
track rig la noraally fraaly pivoted In pitch to alaulata atralght   running 
of a two track akld  ataarad vahlcl« although pitch  raatralnt can b« appllad 
to tha rig to alaulata cartaln typ«a of articulated, wagon ataar and half 
track vahlcla.    Th«  poaltlon of th« rig to fraaa  pivot  point can ha 
adjuatad to aodal  dlffarant  e.g.  poaltlona and 'traction cantra'   halghta. 

Tha track rig la 3.2 ■ fro« Idlar  to aprockat cantra with a noailnal 
dlaenalon of  2.0 ■ batwaan front  and raar whaala.     Tha aaxlmai road whaal 
alta la 0.61 ■ dla and 2, 1 or 4 of thaaa can ba flttad.    Up to alght 
0.2S ■ dla whaala  can ba uaad.    0.16 a and  0.43 ■ dla whaala can alao b« 
flttad In varloua 2,  3, 4,   3 and 6 whaal configuration«.    A varlaty of 
link tracka up to a aaxlaua width of 0.61 ■ can b« uaad.    A alapla band 
track la alao avallabla. 

The whaala ara carrlad on plvotad  balance  baaaa to acco—odata tarraln 
roughnaaa.    Whan tha  rig waa daalgnad conaldaratlon waa glvan to tha uaa of 
an Individual whaal   apruog auapanalon but   apace waa  not avallabla  In tha 
rig to accoMBodate  tha aprlnga and  tha wide rang«; of  Individual whaal 
loadlnga would hava  required a range of aprlnga of  varloua rataa.     The uaa 
of  load equallalng balance beau  la a raaaonable coaproalae - coaiparad 
to a aprung auapanalon weight  tranafar la  reacted between a  forward aat of 
equally loaded wheela and a  rearward aat of equally  loaded wheela.    With a 
aprung auapenalon weight  tranafar  la generally proportional  to the distance 
fro« the  'aprlng centra'   (uaoally near tha centre  of  the vehicle)  and 
aprlng daflectlona will alao alter  the approach and departure angle» of 
tha track.    Tha rig can be turned  round to provide a  forward or rear drive 
aprockat and approach and departure anglea can be adjuatad.    Total  ground 
load can be varied by aeana of ballaat welghta between appro*  23 kN and 
33 kN. 

Tractive forcea froa tha rig are aeaaurad  by a pair of horliontal 
tranadutera.    Sprocket torque la aaaaured  by a attain gauged ahaft  within 
tha aprockat hub which carrlea torque between the chain aprockata and track 
aprockata.    Signale ara fed out via «lip ring boxea.    Sprocket apaed la 
■aaaured by a toothed ring and Inductive pick up within the hub.    Although 
other aethoda have been uaad  forward speed  la now aaaaured by a toothed 
ring on the teater  aprockat,   teata having ahown teeter track alip to ba 
very aaall  under aoat conditiona. 

EXPEKTMEIITAL ntOCEDUKE 

Por tha triala reported here the rig waa uaad In ita rear drive 
configuration with  the external pivot point at aid-vheelbaae and at  a 
height above ground  to give approvciaately  the aaae  ratio of traction centre 
height  to wheelbeae aa e.g.  height   to wheelbase on a typical  tracked 
araourad vehicle.    Teata were generally performed at a vertical load of 
33 kN although aoaa  teata were run at half  this load.    Tha  following track 
ayatea configurationa were uoed: 
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No of «hMla DU of «tola Track (a«« Fls 2) 
TJV width,   b Pitch, p 1 Araa ratio, a 1 

8 0.254 0.343 0.117 0.811 

4 0.610 
1* 0.343 

0.343 
0.425 
0.288 

0.117 
0.230 
0.116 
0.116 

0.831 
0.831 
0.672 
0.814 

0.432 

0.254 

2 0.610 

* Track A laaa rubbar pad«. 

All tracks rubbar bushed axcapt track C which la dry plonad. 

Testa wars pcrforaad by th»  progress IT« allp aethod.    The crack apead waa 
held ooaliully constant and the parent vehicle ape»<i «arlad to tiv a 
rsnj»  of tllps froa spprox -20X to ♦lOOX with alow tranaltlon through the 
laportaat -5  to ^301  allp region.    Measureuent» of oat  thrust,   sprocket 
input   torque,   sprocket   speed and forward speed were recorded on eagnetlc 
tape. 

Runs wer» aada at two,  (aoMtlaaa three) track tensions,  with at  least  12 
runs per track confIfuratlon. 

Soil atraagth aaaaur« 
■esaureaaata  per run 
0 to 20Z slip regloa. 

Analyala 

tnta ware aad« by coae peaetroaet«r - at least 6 
with a concentration of aaaaureaenta In to 
In rut aaaaureaenta were alao aadr. 

The aagnstlc tape recordings ware played via filtere aad A/D converters 
Into a coaputer for analysis and graph plotting. Ute tractive effort 
recordings ware correc*«! for tester longitudinal acceleration. Croes 
traction FG, net thrust or traction PT, tractive rolling raolatanca tT. 
tractive efficiency n, aad allp a were coaputed aa folio«»«: 
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F      -    I 
C r 

*T - PC - PT 

TW 

«h«r«    T    -  sprocket   torqu« 
r    - «ffcctlv«  aprockct  radlua 

when       v    -  forward ■p««d 
M    - spiockat angular apaad 

a .   SLZJL 

Pi;,  Pf and R-r wara dlvldad by trnck wal|ht   Li |lva tha cocfflctanta of 
groaa traction f>..   net traction Cj and tractive rolling raalatanca ' R,    C,,, 
' '■•   ' R  •n<1 n "•'"•  Pitted  «galnat  slip. 

RESULT« 

Reaulta fro* two teat sltaa are reported hare - both auger b«at  flalda 
after hanraating.    Soil ■olstura content on both altaa wee uneeeeonably low 
giving coapa.-at'valy high aoll atrangthe. 

Site A 

The eoll waa a vary allty aadlxaa/flna sand with over 30X  allt or clay (USCS 
Claaalflcatlon 9H/SC).    H^laturc content waa around  20t giving average cone 
index valuee of around 450 -  son kPa In the  0-1)0 aa layer.    Laboratory 
trlaxlal teate on a aaapla  of the surface «oil shows It  to be aalnly 
roheelve with SOM  frlctlonal propertlss (0 - 9*). 

Site 1 

The soil In this sits ma  a clayey allt (Ü8C8 claaalflcatloe ML/HL-CL) with 
at  leaat  SOt silt  or clay.    Molaturc content was around 291,    Average cone 
index velu«e for the 0-150 ■■ layer were typically around 300 kPa. 

Traction Curves 

Typical traction curves froa both sltaa are ahown In Figs 3 and A.    High 
valuee of gross traction co«fflclent were obtslned st Sit« A - In SONS 
esses sxcewdlng 1.2.   Traction coefficients were appreciable lower for Site 
B becauae of the weaker noil.    A noticeable feature of tha curves  for 
Site A la the eonaldereblc  Increaaa In rolling reslatance which occurs ss 
traction develope.    In aoae caeee the coefficient of rolling reelatanca at 
20X allp la over 3 tlaee ita value at th» self propelled point,    thla 
conalderable increaae wee  aowewhat  unexpected and unlikely to be due 
increeaed  Internal  resistance which would be coaparstlvely «Ball  for rubber 
buehed tracks.    Tor coaparlson, data for tha rolling realatance/allp 
relatlotahlp of wheels was  Invsstlgated.    Rowlsnd  (9) reviewed evallsble 
deta end suggested eaplrlcal rslatlonahlpa: 



for piwuMtlc tyres 

Ct « (I  ♦ •) 

1.*. Cg   proportional to allp and doubllnc batwaan 0 and   10OX  allp and, 
for rigid cylindrical whaala 

C, • (1  - 0.75a) 

1.«. rolling raalatanca actually raduclng vlth allp.    No auch alapla 
rclatlonahlpa ara apparant   for track ayataaa, th« rolling raalatanca balng 
a   function of traction and  tha track ayatM configuration. 

In a two  track akld atnnrad vahlcla traction cauaaa «alght   tranafar fro« 
front to  raar dapandlng on  tha poaitlon of  tha  'traction centra',  tha whaal 
and track arrangaaant and whaalhaaa.    A aovlng unaprung track ayataa 
tanarally takaa up a charactarlatic tail down pitch aagla.    At low 
traction  thla la dua to prograaaitra coapraaalon of tha aoil  under tha 
whaala.    Aa traction incraaaaa tha aoil under tha raar of  th« track will ha 
aubjact   to graatar shaar daforaatlona dua  to slip.    Thia will  incraaaa tha 
likelihood of aoil  failura and extra ainkaga under tha raar of  tha track. 
The effect   is aoMtlnaa  referred  to aa «lip slnkaga. 

With a aprung track systaa tha fraaa or hull will  taka up an additional 
angla du« to apring daflactiona.    Thia «ill be incraasad by a  raised 
aprockat   (or idlar if front  driven)  dua to tha vartical coaponant of track 
(groas traction)   forca.     Because tha auapanalon will ganarally be 
conaldarably aora coapliant  than tha aoil  thla coaponant will alao unload 
tha aoil   under tha raar wh«el  and  thus  incraaaa  loading still   further on 
th« adjacent wh««la.    Th« affact  can ba countarad on front  driva vehicles 
by aeans   of so called coapanaating  Idlers  (Fig 5«).    With a raar driva 
aprockat   various arrangaaanta ara possible which  Interconnect   a link 
batwaan  tha final drive  reduction g««r and tha raar whaal   (Fig 5b).    Tha 
aatra cost and coapllcatioa of these arraagaaanta uaually  preclude  their 
uaa although front «ountad coapanaating idlers are quite widely used  to 
counter vehicle noae diva when braking.    Convaraely soil  offloading 
under cad  wheels aay be beneficial  when ateerlng  in reducing aoasnta 
required  to slew the track.    An active auapanalon could be uaed to 
control  soil noraal forcea under wheels. 

In fig 6  values of Cg are  shown plotted against  Cf aa well «a allp for 
2,  4 and  8 «heel arrangement a.    It  la noticeable that the  iacreaae la 
rolling  resistance is auch  lesa marked with the two wheel  arrangement 
where weight tranafar la proportionately leaa than in the other 
arrangaaaots and where track force doea not off-load the  rear whaal 
because  it  is rigidly attached to the track fraae.    Tha increaaa in 
rolling  realstance thua appears to largely a function of weight 
tranafar  in tha track ayatea aa traction  Increases.    See Appendix for 
calculation of ground  reaction  loeda. 

Coapariaon of Diffarant Configurations 

All  the arraagaaents were teatad at a  'noraal'   tension (noainally 20Z 
of weight  on track systaa)  and a  'tight'   tension  (noainally 30X of 
weight).     High tension  la aoaetiaea  thought  to laprovs performance, 
especially  in the go/no go  region,   presumably because of better 
'bridging'  affact between wheel a although with aprung ayateas  it alao 
incraaaes  the tendency to offloed the end wheels and hence  increaaa 
loading on tha  reaalnder. 

• 
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Avcra|lng all th« result«  tram both aitca glvas tha following valuca  for 

CT20 «nd CRSp 

Slta A Slta B 
Normal Tight Nonaal Tight 

CT2o 0.53 0.»1 0.29 0.29 
Cm 0.11 0.11 O.IS 0.16 

l.a. no algnlfleant dlffaranc« batwaan tha pra-tanalona. 

Siallarly ona of  tha track« was run without  rubber track pada (track B In 
Fig 2) but  again no claar trand waa apparent  - running without  pada  ahowlng 
a alight   Increaaa  In traction on one alte and a alight dacraaae on tha 
other.    All  the valuea of coafdent  of  traction at  20X allp ^T20 • 
coefficient of rolling realata    e at taro traction (the aalf  propelled 
point) Cftsr • ■n<1  th' coefficient of rolling resistance st  20Z  slip C^o 
were therefore averaged for each track ayataai configuration neglecting 
track tanalon and  the abaanca  of track pads.    These average values ware 
then plotted agalnat  the dimanaionless  teras Cl/g^p and CI/H  to see  if 
either can be uaed to sdaquataly describe tha aeaaurad data by aaana of 
aapirlcal  cunrea and  fora the baaia of a aiaple tractive parforaance 
prediction aystaa. 

CI - average cone  indea in the 0-1)0 aa layer 

M    " - 
nba (pd)0-5 

The reaulta are ahown plotted  in Figs  7 and B. 

The Cl/ggp agsinst C-j^n Plot   (fi* ^*)  'hows an spproxiaately  linear 
relationahip although with an appreciable aaount of  acatter  in the  low 
Cl/gcp region and with no  real   indication of  a  Halting go/no-go value 
of Cl/gjp.    The B wheel configuration ia aean to perfora wall ae doaa 
the long pitch track (C) at   low CI/^p.    Tha effect of whaal diaaetar 
ia not readily apparent. 

The plot  of CI/^Qp agalnat Cftsp (Fig 7b)  ahawe  low reaiatance for tha 
B wheel  configuration at  low Cl/^rp and high reaiatance froa the 2 wheel 
arrangeaant.    Tha effects of wheel diaaater and track pitch are not  very 
apparent. 

Tha    I/H   agalnat C^o  Plnt   (Fll A*)  ehowa generally iaprovad collapaa of 
the data  point» and there  ie  now an indication of a  Halting go/no-go 
value of CI/^ although no aaaaureaente «re available for thie region 
because of the coapar'.tively  fira aoil  conditions.    Again the effecte 
of wheel   diaaater and track pitch are not clear and  in particular the 
long pitch track appeara to   'underperfora*  with the weighting given to 
it  in tha N relationahip.     It  waa allghtly unfortunate that  on both  teat 
«itea tha  long pitch track waa teatad on allghtly firaar parts of the 
sites which aakea  it difficult   to coapare parforaance directly with tha 
atandard  pitch track.    The  two wheel configuration ia aeen to perfora 
coaparatively well but  this   ia probably becauee weight tranafer effacta 
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■r« ccmptrat ivr\y MMII ana th«r« la llttl« rla« In rolltat raalatanca 
with  traction.    A daacrlblng curva haa baon tantatlvaly placed throuch 
tha data polnta but no attaapt haa  v^t   baan aada to aacrlb« any function 
to  It. 

Th« ri/M agalnat  rRSP plot  (Fig 8b)  ahoira laprovad ■•rglng of tha data 
point« coaparad to Cl/^f,      Cg  Includaa both aitarnal and Intamal 
coaponanta avan though CI/M  la attaaptlng to daacrlb« only tha axtamal 
raalatanca.    It  la difficult  to •»•e how tha two coaponanta can ba anally 
aaparatad.    Tha uau.* aaauaptlon la  that aaaauraaanta of Intarnal rolling 
raalatanca fro* ha.d road trial« alao apply to tha off-load condition 
although racant  taata at NVEE hava ahown that tarraln roughnaaa can 
■arkadly Incraaaa  Intarnal  rolling raalatanca apart   froai tha affacta of 
aoll   packing In tha track ayataa.    All tha tracka «ara rubbar buahad axcapt 
tha  doubla pitch which was dry plnnad.    Tha Intarnal  raalatanca of dry 
pinned tracka ara ganarally appraclably hlghar than äquivalent rubbar 
buahad onaa and ara alao aora aanaltlva to pratanalon and groaa traction 
forcaa.   Maaauraaanta on a vahlcla hava ahown tha  low apaad hard road 
raalatanca of tha doubla pitch dry plnnad track to ba approx 0.01S graatar 
than  tha atandard rubbar buahad oaa  (both at normal   tanalona).    Tha 
aaaaurad Cggp data polnta hava tharafora baan raducad by thla aaouat« 
It   la planned to uaa tha taatar to aeaaura tha hard  road raalatanca of all 
tha  configurations to aaa If  thara ara any aarkad dlffarancaa batwaan 
t) 

Fig 9 ahowa CI/H  plottad agalnat c^o-    I*0 particular ralatlonahlp la 
apparent   and In nearly all confIguratlona tha rolling raalatanca 
coafflclant actually Incraaaaa at hlghar valuaa of Cl/^ due  to hlghar 
traction and tha affacta of weight   tr^nafar. 

Fig   10 ahowa CI/M plotted agalnat  paak tractlva afflclancy  'p.    Ganarally 
quita good aarglng of tha data polnta  la Indicated with n. not axceedlng 
75-80Z even at high valuea of CI/H. 

cowcmsiows 

The aoblle teater with aodular track rig haa proved a aatlafactory way of 
gatherlag la field tractIva performance data for track aynteau of diffarant 
confIguratlona. 

The cohealve aoll/track aoblllty nuabar Cl/H ahowa proalaa  for foralng tha 
baala of a alaple tracked vehicle perforaanca prediction ayataa but aora 
data la required particularly In the laportant go/no go region where 
perforaanca can be axpected to be aora aanaltlve to dlffarancaa In track 
ayataa configuration.    At high traction conalderatlon would alao need to 
ba given to walght traaafar aa affected by traction cantre poaltlon, 
wheelbaaa and the dapartura angle of tha track. 
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unmix 

1* .tf.c< o» tr.cti~ fore. - .ro- -ctlo. II.. 

^i) 

^^l^lH ^rtlflly «or fore. «tl«. - -»-I * 



«C4 - I W j  [y T)b •*• t - T«?  " « <Cc ♦ T) tin et 

simil.rlv for V)M«1 3 

«C5 - W(C.|» ♦ (Cr ■» T)b ♦ t - T«) 
41 

Insartln« th« avaragt value« of Sit« A, 0.61a dta «haala, track A/B 

CT20 " 0-5* 
cC2r, ■ 0'81 
h - 0.)0a 
a - 0.4 7. 

I« 0.64 ■ 
eK - 30* 
T - 0.2 
b - l.lQa 

«C3 
"C4 

0.71V 
0.21W 

1.«. Hc-j la alaoat ) tl«aa Ita noMlnal value and «C4 la allghtly laaa 
with vary llttla load on «h««la 1 and 2« 

Tha Inclwalon of a coapanaatlng aachanlaa «111 Introduca a vartlcal 
forca batwann whaal 4 and tha body which can ba nada aona daalrad 
ratio of W ((V, ♦ T) and will incraaaa »p.* •n<1 raduca »cv 

Tha introdwetioo of auapanaion apriaga nakaa tha aoalyaia aora 
conplicatad in that appliad forcaa will cauaa appraclabla daflacttona 
and aoaa fom of coaputar baaad aolution will ba ra^uirad. 
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